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The report contains examples for the Delay 
. 2 Simulation Model described in Chapter 4 of 
- "Model Users Manual for Airfield Capacity 
4 and Delay Models" FAA-RD-76-128 dated 
November 1976. 
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ATTACHMENT A 


The following examples illustrate the use of the Delay Simulation 
Model Version 2, 


EXAMPLE 1. 
A. OBJECTIVE 


The airlines at the airport depicted by the link-node 
diagram in Figure 4-7 are considering purchasing equipment 
which is projected to reduce gate occupancy time by 30%. 
Determine the magnitude of the present gate delay and the 
expected gate delay if the new equipment is added. 


B. INPUTS 
INPUT CONSIDERATIONS: 
1. Limit the analysis to VFR weather conditions. 


2. Limit the analysis to one runway use config- 
uration; i.e., 


arrivals on runway 28L & R 
departures on runway 28L 
no touch-and-go operations 


3. Limit the analysis to the hours from 1:00 p.m. to 
6:00 p.m. on the average day of the peak month. 


4. Use air traffic control procedures effective 
July 4, 1976. 


5. Do not allow departure aircraft to hold at a gate 
longer than is required to service the aircraft. 


FIELD DATA: 
Data collected at the airport reveals the following: 
Parameter Heavy Jets Large Jets 


Departure Runway Occupancy 
Time (mean/standard deviation 


in seconds) 3975 3975 
Approach Velocity (mean/standard 

deviation in knots) 14075 13075 
Approach Path (n.mi.) 8 8 
Gate Occupancy Time (mean/standard 

deviation in minutes) 50710 3075 


1 


Taxi_Speed_ (mph) Link(s) 
5 106-115 
10 132-135, 125-127 
10 116-117, 104-105 
15 118-124, 103 
20 102, 131 
25 128-130, 101 
Pushback Time_(seconds) Link(s) 
66 1-10 
6 21-30 
Exit Arrival Runway 
Aircraft Distance Occupancy Time Exit% Exit% 
Type (feet) (seconds) (Right Angle (High-speed 
Exit) Exit) 
1 6000 56 40 100 
| 2 6000 56 70 100 
1 8000 73 100 100 
2 8000 73 100 100 


A penalty box that can accommodate 10 aircraft is located on the 
west end of the terminal building. 


The exclusive use gate sets exist: 


Airline Gates 
AA 1-5 
TWA 6-8 
UA 9-10 


All gates are large enough to accommodate heavy jet aircraft. 


INPUT ASSUMPTIONS: 


t 
: 
f 
1. Insufficient data is available to determine the actual 
separation between aircraft. Assume that the average separations 
are those specified in the air traffic control handbook for heavy 
and large aircraft. Use standard deviations of: 
0.5 nautical miles for arrival-arrival separations 
0.25 nautical miles for departure-arrival separations 
0.25 minutes for departure-departure separations 


2. Assume preemptive arrival priority can be obtained 
by requiring a queue of eight departures before the arrival 
stream is interrupted. When this condition exists insert a 2.0 
minute gap in the arrival stream. 


3. Use 10 random number seeds to obtain stocastic con- 
vergence. 


| 
| 
i 
/ 


a 


” 


GEOMETRY DATA: 
1. Runway length = 8000 feet 


2. Exits 128 and 101 are located 6000 feet from threshold. 


3. Link (s) Length (feet) 
102-126 300 
130,134,135 400 

101 500 
128,129 900 
131 1900 
NOTE: 


o Links 128 and 129 were made 900 feet long because only 
two aircraft can hold between the runways. 


o Link 131 was made 1900 feet long to allow the program 
to operate more efficient in moving aircraft since few 
aircraft use this section of taxiway. 

o All other links are used at their actual length. 


4. Paths are required: 


From To 
Link 128 all holding areas & gates 
Link 129 " " " " 
Link 101 * " i] il] 
Each holding 
area to all gates 
Each gate Link 126 (departure end link) 


5. There are no One-way paths on the airport. 


6. The decision to cross runway 28L is made on links 
132 and 133. 


SCHEDULE DATA: 


1. The schedule data for the hours from 1:00 p.m. to 
6:00 p.m. is shown in Figure 4-8. This data includes: 


Airline ID 

Preferred Gate 

Aircraft Class 

Arrival Time at Threshold 
Departure Time from Gate 
Arrival Runway 

Departure Runway 


2. All aircraft are through flights. 
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NOTE: The departure time in Figure 4-8 is shown as 
1 minute after arrival time at threshold so that 
the aircraft service time (as opposed to the 
scheduled departure time) will always govern when 
the departure leaves the gate. 


C. SOLUTION 


A listing of the input cards for this example is shown in 
Figure 4-9, The model runs for this example are shown in Figures 
4-10a and 4-10b. From the output of the model runs, the following 
comparison of gate delay with and without the new equipment can be 
made: 


PRESENT WITH NEW 

HOUR SITUATION EQUIPMENT 
Gate-in Gate-out Gate-in Gate-out 

1-2 2.95 0.05 0.56 0.05 
2-3 9.63 0.06 1.83 0.05 
3-4 10.49 0.07 2.16 0.04 
4-5 16.41 0.08 2.73 0.05 
5-6 13.31 0.04 1.64 0.03 


Average 
Total arrival gate delay can be calculated as follows: 


With New Equipment 


0.56 x 13 = 7.28 
1.83 x 12 = 21.96 
2.16 x 10 = 21.60 
2.73 x 12 = 32.76 
1.64 x 13 = 21.32 
104.92 « 


Present Situation 


2.95 x 13 = 38.35 minutes 
9.63 x 11 = 105.93 : 
10.49 x 10 = 104.90 
16.41 x 11 = 180.51 
13.31 x 12 = 159.72 
589.41 


The new equipment will reduce gate-in delay by 484.497589.41 = 83%. 


The computer time to make these runs cost $63. 


ee eee Te St NT EO 


alicia nanemienieenamaE aaa 


A. OQBJECTIVE 


Determine the average arrival and departure runway delay 
between 2:00 p.m. and 4:00 p.m. for the airfield shown by the 
link-node diagram in Figure 4-11. 


B. INPUTS 
INPUT CONSIDERATIONS: 
1. Consider VFR weather conditions. 
2. Consider the following runway use configurations: 


arrivals on runways 32L & 27R 
departures on runways 27L & 32R 


3. Use the air traffic control rules effective 
November 2, 1975. 


FIELD DATA: 


Data collected during a 2-week period at this airport was 
used to determine the following parameters: 


Departure runway occupancy time 
Touch-and-go runway occupancy time 
Gate service time 

Aircraft approach velocity 
Length of common approach path 
Exit utilization percent 
Arrival time-distance histogram 
Arrival-arrival separations 
Departure-arrival separations 
Departure-departure separations 
Arrival-departure separations 


eo0oocoo00o00 0 


Input values for these parameters are shown in Figure 4-12. 


4. Airline gate assignments are shown on Figure 4-12. 
During data collection, it was determined that airline UA did not 
normally permit large jets to use gates reserved for heavy jets. 
Therefore, the gates for heavy jets were assigned to airline UA2 
and gates for large jets were assigned to airline UA1. 


5. A penalty box that can accommodate five aircraft 
is located off runway 32L. 


INPUT ASSUMPTIONS: 


1. Assume preemptive arrival priority can be obtained by 
requiring a queue of eight departures before the arrival stream is 


Sct Acted aie a 


interrupted. When this condition exits, insert a 2-minute gap in 
the arrival stream. 


2. Use 10 random number seeds to obtain stocastic 
convergence. 


GEOMETRIC DATA: 


1. Link data is shown in Figure 4-12. The figure contains: 


© Link length 
o Gate pushback time 
o Gate size 
© Pushback one-way path associated with some gates 
o Aircraft velocity code for each link 
1- 5 miles per hour 
2- 10 « 7) " 
3 ~ 15 we e e 
4 ~ 23 Ut] “ “ 
5 - 25 « « 
6 35 " " " 
7 


Special code for pushback time 


2. Because of the traffic flow pattern for the runways, 
no crossing links are required. 


3. Exit Locations 


Exit Link Distance (feet) 
406 4460 
401 5480 
391 6800 
538 4330 
519 5480 
530 6080 


4. Paths are required to move aircraft between: 


6 exits and 92 gates 

6 exits and 5 holding areas 

5 holding areas and 92 gates 

92 gates and 2 departure runways 


The paths are contained in Figure 4-12. 


5. Nineteen One-way paths are required by the flow of 
aircraft on airfield. Seventeen of these one-way paths represent 
taxiways serving pier-finger gate arrangements. The remaining two 
One-way paths (i.e., links 288 and 289) serve as the transition 
taxiway between the outer and inner taxiway. It has to be entered 
in both directions; i.e., 288 289 and 289 288. 


SCHEDULE DATA: 


The schedule data for the hours from 10:00 p.m. to 6:00 p.m. 
is shown in Figure 4-12. This data includes: 


Airline ID 

Preferred Gate 

Flight Type 

Aircraft Class 

Arrival Time at Threshold 
Departure Time from Gate 
Arrival Runway 

Departure Runway 


Scheduled operations between 1:00 and 2:00 p.m. are 
included as a warm-up period for the model. 


C. QUTPUT 
The model output AVERAGE DELAY SUMMARY for this problem 


is contained in Figure 4-13. The following arrival and departure 
runway delays in minutes are summarized from Figure 4-13: 


Runway Pair Runway Pair 
32L/27L 27R/32R 
Hour Arrival Departure Arrival Departure 
2-3 0.52 2.67 2.69 4.56 
3-4 0.58 2.01 0.46 1.78 


The computer time to make this run costs $76. 
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SCHEDULE DATA FOR EXAMPLE 1 


FIGURE 4-8 
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Airline Preferred Aircraft Arrival Departure Arrival Departure 


ID Gate Class Time Time Runway Runway 
TWA 6 i 5:16 5:17 2 2 
AA 3 2 5:17 5:18 2 2 
AA 4 2 5:30 5:31 a 2 
AA 2 7: 5231 5:32 He 2 
TWA 3 2 5:31 5:32 2 2 
UA 9 2 5:32 5:33 2 2 
UA 10 2 5:33 5:34 1. 2 . 
AA 5 2 5:46 5:47 2 2 
AA 2 1 5:47 5:48 a 2 
AA 1 2 5:52 5:53 2 2 
AA 1: 2 6:00 6:01 1 2 
UA 9 2 6:00 6:01 2 2 
AA 5 2 6:03 6:04 2 2 
‘TWA 7 2 6:14 6:35 2 2 
AA 2 1 6:15 6:16 1 2 
AA 1 2 6:16 6:17 1 2 
TWA 8 2 6:16 6:17 vy 2 
UA 9 2 6:16 6:17 2 2 
UA 10 2 6:45 6:h6 1 2 
TWA 6 i 6:45 6:46 2 2 
AA 1 2 6:52 6:53 2 2 
AA -3 oe 6:55 6:56 4, 2 


FIGURE 4-8 (Cont.) 
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//GUeFTUBFOO] OD * 


AL GATE FT AC CLASS ARR bert 
AA 1:00 1:08 
AA 1302 1:03 
1303 1304 

1:03 1304 

1314 1315 

1 ails 1:16 

1:16 lsi/ 

1330 1:31 

1331 li3¢ 

1331 1s3e 

1332 1:33 

1345 1:40 

1345 1346 


2:00 2:02 
2:03 2:04 
2:03 2304 
2:14 2:ls 
elo esll 
2317 2:16 
2i3u 2332 
2331 23:3e¢ 
e331 2:3e¢ 


1 2:33 2:34 
2346 234/ 
2347 2:40 
2:5e 2353 
3200 33ul 
3303 3:04 
3214 3:15 
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3316 3:17 
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4 3245 3:40 
3245 3340 
3352 3393 
3355 33506 
4300 4302 
4302 4303 
4303 4304 
4303 4304 


LISTING OF INPUT CARDS FOR EXAMPLE 1 
FIGURE 4-9 
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ARR KW 


RK RK RANK RR RK EF RRR NER EK NRK RK RAR RK EK NEN NkK eK He Re KH fw 


DEPT 


Rr 
2 
2 
2 
2 
2 
2 
2 
4 
2 
2 
4 
e 
2 
2 
2 
2 
2 
2 
2 
e 
2 
e 
e 
2 
2 
rd 
e 
2 
2 
rd 
2 
e 
2 
é 
e 
é 
2 
é 
rd 
2 
2 
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AA 3 3 ra 4314 #312 r 2 

UA du 3 e #315 4:10 1 e 

AA 3 3 < 4216 4i1/ * 2 

AA é 3 4 4330 4:34 i 2 

TwA 8 3 ra 4331 4i3¢ 1 2 

Twa 6 3 4 4332 4:33 e 2 

AA 4 3 e 4245 4340 1 2 

AA bs) 3 e 4245 4340 2 2 

UA lo 3 c 2200 b3ul 1 2 

AA é 3 i 9204 5304 1 2 

Twa ? J ( 9:04 5304 e 2 . 
AA 5 3 c 9314 s31> e 2 

TWA 6 3 1 bile sill 2 2 

AA 3 3 ce 5317 bild e e 

AA & 3 e 533u sid 1 2 | 
AA 2 3 i 5331 Side 1 2 
TWA 7 3 e 5331 bise e 2 
UA S 3 e 9332 5:33 e 2 

UA 10 3 c 9:33 5334 1 2 

AA 5 3 e 2346 5:4) e 2 

AA 2 3 1 5347 5340 1 2 

AA 1 3 4 9352 S393 2 é 

AA 1 3 e ©0300 o:ul l 2 

UA 9 3 c 0300 6:01 r 2 

AA 5 3 e 0:04 6304 e 2 

Twa 7? 3 e 6314 6315 e 2 

AA 2 3 1 6315 63)]0 1 2 

AA l 3 e 0:16 631/ 1 2 

TWA 8 3 c 6216 o:lf l rd 

UA 9 3 e 6316 6:1/ 2 2 

UA lo 3 c 6345 6340 1 2 

TWA 6 3 i 0345 6:40 2 2 

AA 1 3 e 6:52 6353 ra rd 

AA =3 3 < 6:55 6:56 1 r 


FIGURE 4-9 (Cont. ) 
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